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DATA SHEET

COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value
Speed of light in
vacuum c 3-00 x 108 ms™ Planck’s constant h 6-63 x 1034)s
Magnitude of the
charge on an electron e 1-60 x 107"°C Mass of electron m, 9-11 x 10 3'kg
Universal Constant of
Gravitation G 667 x 10" m3kg's 2| Mass of neutron m, 1-675 x 10 % kg
Gravitational
acceleration on Earth g |9-8ms? Mass of proton m, 1-673 X 102" kg
Hubble’s constant H, [2:3x1078s"

REFRACTIVE INDICES
The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of
273 K.

Substance Refractive index Substance Refractive index
Diamond 2-42 Water 1-33
Crown glass 1-50 Air 1-00
SPECTRAL LINES
Element | Wavelength/nm Colour Element Wavelength/nm Colour
Hydrogen 656 Red Cadmium 644 Red
486 Blue-green 509 Green
434 Blue-violet 480 Blue
410 Violet L
397 Ultraviolet asers
389 Ultraviolet Element Wavelength/nm Colour
Carbon dioxide 9550 Infrared
Sodium 589 Yellow 10590
Helium-neon 633 Red
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SECTION 1 — 20 marks
Attempt ALL questions

A car is moving at a speed of 2-:0ms™".
The car now accelerates at 4-0 ms 2 until it reaches a speed of 14ms™".

The distance travelled by the car during this acceleration is

A 15m
B 18 m
C 24m
D 25m
E 48 m.

Refer to the diagram for Question 2. A ball is dropped from rest and allowed to bounce
several times.

The graph shows how the velocity of the ball varies with time.
A student makes the following statements about the ball.

| The ball hits the ground at P.

I The ball is moving upwards between Q and R.

Il The ball is moving upwards between R and S.

Which of these statements is/are correct?

A lonly

B llonly

C Illonly

D landllonly
E landlll only

Refer to the diagram for Question 3. A block of mass 6-0kg and a block of mass 8-0kg are
connected by a string.

A force of 32N is applied to the blocks as shown.
A frictional force of 4:0N acts on each block.

The acceleration of the 6-0kg block is

A 1-7ms?
B 2-0ms™
C 23ms?
D 29ms™?
E 53ms?2
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4. A person stands on a weighing machine in a lift. When the lift is at rest, the reading on the
weighing machine is 700 N.

The lift now descends and its speed increases at a constant rate.

The reading on the weighing machine

is a constant value higher than 700N

is a constant value lower than 700N

A
B
C continually increases from 700 N
D continually decreases from 700N
E

remains constant at 700 N.

5. Enceladus is a moon of Saturn. The mass of Enceladus is 1-08 x 10%°kg.
The mass of Saturn is 5-68 x 102°kg.

The gravitational force of attraction between Enceladus and Saturn is 7-24 x 10" N.

The orbital radius of Enceladus around Saturn is

A 2:38x10%m
B 9:11x10"%m
C 565x10"m
D 830x107m
E 319 x10®m.

6. A spacecraft is travelling at 0-10c relative to a star.

An observer on the spacecraft measures the speed of light emitted by the star to be

A 0-90c
B 099
C 1-00c
D 1-01c
E  1-10c.
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7. A spacecraft is travelling at a speed of 0-200c relative to the Earth.

The spacecraft emits a signal for 20-0 seconds as measured in the frame of reference of the
spacecraft.

An observer on Earth measures the duration of the signal as

A 19-2s
B 19-6s
C 20-0s
D 20-4s
E 20-8s.

8. How many types of quark are there?

m O O @™ >
N W A~ O 0o

9. An electronis a

A boson

B hadron
C baryon
D meson
E lepton.

*10. Refer to the diagram for Question 10. A proton enters a region of magnetic field as shown.

On entering the magnetic field the proton

deflects into the page

deflects out of the page

deflects towards the top of the page
deflects towards the bottom of the page

m O O @ >

is not deflected.
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11. A nuclear fission reaction is represented by the following statement.
n+ U "¥Ba+X+3n

The nucleus represented by X is

A RIr
B JoKr
c JIr
D 2Kr
E  2zr.

12. The irradiance on a surface 0-50 m from a point source of light is /.

The irradiance on a surface 1:5m from this source is

A 0117
B 0:33/
C 1-57
D 3-0/
E 9-01.

*13. Refer to the diagram for Question 13. Waves from two coherent sources, S, and S,, produce
an interference pattern. Maxima are detected at the positions shown below.

The path difference S,P — S,P is 154 mm.

The wavelength of the waves is

A 15-4mm
B 25-7mm
C 28-0mm
D 30-8mm
E 34-2mm.
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*14. Refer to the diagram for Question 14. A ray of monochromatic light passes from air into a
block of glass as shown.

The wavelength of this light in air is 6-:30 x 107" m.
The refractive index of the glass for this light is 1-50.
The frequency of this light in the glass is

A 210 x10™Hz
B 1:26 x 10%Hz
C 1-89 x 102 Hz
D 476 x 10"Hz
E 714 x 10™Hz.

*15. Refer to the diagram for Question 15. A circuit is set up as shown.
The battery has negligible internal resistance.
A student makes the following statements about the readings on the meters in this circuit.
| When switch S is open the reading on the voltmeter will be 6-0V.
I When switch S is open the reading on A, will be 0-60 A.
Il When switch S is closed the reading on A, will be 0-80A.

Which of these statements is/are correct?

| only
Il only

A

B

C landllonly
D Ilandlll only
E

I, Il and Ill

16. The power dissipated in a 120 € resistor is 4-8 W.

The current in the resistor is

A 0-020A
B 0-040A
C 0-20A
D 5-0A
E 25A.
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17.

*18.

*19.

A 24-0 uF capacitor is charged until the potential difference across it is 125 V.

The charge stored on the capacitor is

A 521 x10°C
B 7-75x107%C
C 1-50x1073C
D 3-00x1073C
E 1-92x107C.

Refer to the diagram for Question 18. A circuit is set up as shown.

When the capacitor is fully charged the energy stored in the capacitor is

A 1-6x107J
B 1-3x1073)
C 26x1073)
D 1-6x1072%)
E 1-6 x 10*).

Refer to the diagrams for Question 19. The circuit shown in diagram 1 is used to charge and
then discharge a capacitor C.

Which pair of graphs, shown in diagram 2, shows how the potential difference J across the
capacitor varies with time ¢ during charging and discharging?
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20. A student carries out an experiment to determine the specific heat capacity c of a solid.

The relationship used to calculate c is

E

c=——
mAT

The recorded measurements and their percentage uncertainties are shown below.

energy supplied, £ =5000J + 1%
mass of solid, m = 0-20kg + 2%

change in temperature, AT = 4-5°C + 5%
A good estimate of the percentage uncertainty in the calculated value of ¢ is

8%
7%
5%
3%
1%.

m O N @ >

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2
OF YOUR QUESTION AND ANSWER BOOKLET]
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SECTION 1 — 20 marks

The questions for Section 1 are contained in the question paper X757/76/02.

1. The answer to each question is either A, B, C, D or E. Decide what your answer is, then
write the letter at the end of each question.

2. There is only one correct answer to each question.

Sample question

The energy unit measured by the electricity meter in your home is the

A ampere

B  kilowatt-hour
C watt

D coulomb

E volt.

The correct answer is B — kilowatt-hour. You write: Question 7 B.

Changing an answer

If you decide to change your answer, cancel your first answer by brailling it out and write in the
answer you want.
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SECTION 2 — 110 marks
Attempt ALL questions

Refer to the diagram for Question 1. During a school funfair, a student throws a wet sponge
at a teacher. The sponge is thrown with an initial velocity of 7-4ms™" at an angle of 30° to
the horizontal.

The sponge leaves the student’s hand at a height of 1-5m above the ground.
The sponge hits the teacher.

The effects of air resistance can be ignored.

(a) (i) Calculate:
(A) the horizontal component of the initial velocity of the sponge; [1 mark]

(B) the vertical component of the initial velocity of the sponge. [1 mark]
(i1) Calculate the time taken for the sponge to reach its maximum height. [3 marks]

(iil) The sponge takes a further 0-45s to travel from its maximum height until it hits
the teacher.

Determine the height / above the ground at which the sponge hits the teacher.
[4 marks]

(b) The student throwing the sponge makes the following statement.

“If the sponge is thrown with a higher speed at the same angle from the same height
then it would take a shorter time to hit the teacher in the same place.”

Explain why the student’s statement is incorrect. [2 marks]
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* 3.

An Internet shopping company is planning to use drones to deliver packages.

(@) During a test the drone is hovering at a constant height above the ground.
The mass of the drone is 5-50 kg. The mass of the package is 1-25 kg.

(i) Determine the upward force produced by the drone. [3 marks]
(i) The package is now lowered using a motor and a cable.
A battery supplies 12V across the motor. The resistance of the motor is 9-6 Q.
Calculate the power dissipated by the motor. [3 marks]
(i) While the package is being lowered the cable breaks.

The upward force produced by the drone remains constant.

Describe the vertical motion of the drone immediately after the cable breaks.
Justify your answer. [2 marks]

*(b) Refer to the diagram for Question 2 (b). To carry a package with a greater mass two

drones are used as shown.

The drones are hovering at a constant height above the ground. The mass of the
package suspended from the two drones is 3-4 kg.

Determine the tension in each cable. [4 marks]

Refer to diagrams 1 and 2 for Question 3. A student sets up an experiment to investigate a
collision between two vehicles on a frictionless air track shown in diagram 1.

Vehicle X of mass 0-75 kg is travelling to the right along the track.
Vehicle Y of mass 0-50 kg is travelling to the left along the track with a speed of 0-30ms™.
The vehicles collide and move off separately.

A computer displays a graph showing the velocity of vehicle X from just before the collision
to just after the collision shown in diagram 2.

(@) Show that the velocity of vehicle Y after the collision is 0-38 ms™'. [2 marks]
(b) Determine the impulse on vehicle Y during the collision. [3 marks]

(c) Explain how the student would determine whether the collision was elastic or
inelastic. [2 marks]
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* 4, Refer to the diagram for Question 4. A stunt is being carried out during the making of a
film. A car is to be driven up a ramp on a moving lorry by a stunt driver, who will attempt
to land the car safely on the roof of a second moving lorry. The car is to stop on the roof of
the second lorry while this lorry is still moving.

Using your knowledge of physics, comment on the challenges involved in carrying out the
stunt successfully. [3 marks]

* 5. Hubble’s Law states that the universe is expanding. The expanding universe is one piece of
evidence that supports the Big Bang theory.

(a) State one other piece of evidence that supports the Big Bang theory. [1 mark]

* (b) Refer to the diagram for Question 5 (b). A student plots some of the original data from
the 1929 paper by Edwin Hubble and adds the line shown in order to determine a

value for the Hubble constant H,,.

The student calculates the gradient of their line and obtains a value for the Hubble
constant of 2-0 x 107" s7",

The age of the universe can be calculated using the relationship

. 1
age of universe =—
HO

(i) Calculate the age of the universe, in years, obtained when using the student’s
value for the Hubble constant. [2 marks]

(i) The current estimate for the age of the universe is 13-8 x 10° years.

(A) State why the value obtained in (b)(i) is different from the current
estimate for the age of the universe. [1 mark]

(B) Suggest a change that the student could make to their graph to obtain a
value closer to the current estimate for the age of the universe. [1 mark]

(o) It has been discovered that the rate of expansion of the universe is increasing. State
what physicists think is responsible for this increase. [1 mark]
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* 6. Refer to the diagram for Question 6. An experiment is set up to demonstrate a simple
particle accelerator.

(a) Electrons are accelerated from rest between the cathode and the anode by a potential
difference of 1-6 kV.

(i) Show that the work done in accelerating an electron from rest is 2:6 x 107" J.
[2 marks]

(i) Calculate the speed of the electron as it reaches the anode. [3 marks]
(iii) When operating as shown the current in the circuit is 0-72 mA.

Calculate the quantity of charge transferred in 25s. [3 marks]

* (b) Refer to the diagram for Question 6 (b). As the electrons travel through the vacuum
towards the fluorescent screen they spread out.

In the path of the electrons there is a metal cross, which is connected to the positive
terminal of the supply. The electrons that hit the cross are stopped by the metal.

Electrons that get past the metal cross hit a fluorescent screen at the far side of the
tube.

When electrons hit the fluorescent screen, the screen glows.

The potential difference between the anode and the cathode is now increased to
2-2kV. This changes what is observed on the screen.

Suggest one change that is observed. You must justify your answer. [2 marks]

* (¢) Refer to the diagram for Question 6 (c). A student builds a model of a particle
accelerator. The model accelerates a small ball on a circular track. A battery-operated
motor accelerates the ball each time it passes the motor. To cause a collision a plastic
block is pushed onto the track. The ball then hits the block.

Using your knowledge of physics comment on the model compared to a real particle
accelerator, such as the large hadron collider at CERN. [3 marks]
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* 7. Refer to the diagram for Question 7. A student uses a gold-leaf electroscope to investigate
the photoelectric effect. A deflection of the gold leaf on the electroscope shows that the
metal plate is charged.

The student charges the metal plate on the electroscope and the gold leaf is deflected.

@)

(b)

()

(d)

Ultraviolet light is shone onto the negatively charged metal plate. The gold-leaf
electroscope does not discharge. This indicates that photoelectrons are not ejected
from the surface of the metal.

Suggest one reason why photoelectrons are not ejected from the surface of the metal.
[1 mark]

The student adjusts the experiment so that the gold-leaf electroscope now discharges
when ultraviolet light is shone onto the plate.

The work function for the metal plate is 6-94 x 107" J.

(i) State what is meant by a work function of 6-94 x 1077 J. [1 mark]

(i) The irradiance of the ultraviolet light on the metal plate is reduced by increasing
the distance between the gold-leaf electroscope and the ultraviolet light source.

State what effect, if any, this has on the maximum kinetic energy of the
photoelectrons ejected from the surface of the metal. Justify your answer.
[2 marks]

Refer to the diagram for Question 7 (c). The graph shows how the kinetic energy of
the photoelectrons ejected from the metal plate varies as the frequency of the
incident radiation increases.

The threshold frequency for the metal plate is 1-05 x 10" Hz.
The metal plate is now replaced with a different metal plate made of aluminium.
The aluminium has a threshold frequency of 0-99 x 10" Hz.

The kinetic energy of the photoelectrons ejected from the aluminium plate varies as
the frequency of the incident radiation increases. Describe how a second line on the
graph showing this would compare with the first line. [2 marks]

Explain why the photoelectric effect provides evidence for the particle nature of light.
[1 mark]
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* 8. Refer to the diagram for Question 8. A student investigates interference of light by
directing laser light of wavelength 630 nm onto a grating as shown.

(@) A pattern of bright spots is observed on a screen.

(i) Explain, in terms of waves, how bright spots are produced on the screen.
[1 mark]

(i) The grating has 250 lines per millimetre.

Calculate the angle # between the central maximum and the third order
maximum. [3 marks]

(iii) The grating is now replaced by one which has 600 lines per millimetre.

State the effect of this change on the pattern observed. Justify your answer.
[2 marks]

(iv) Theinterference pattern is produced by coherent light.

State what is meant by the term coherent. [1 mark]

*(b) Refer to the diagrams for Question 8 (b). The student now shines light from the laser
onto a £5 note, shown in diagram 1.

When it is shone through the transparent section of the note the student observes a
pattern of bright spots on the screen.

Diagram 2 shows the pattern that the student observes on the screen.

Suggest a reason for the difference in the pattern produced using the £5 note and the
pattern produced using the grating. [1 mark]

* 9. Refer to the diagram for Question 9. A ray of monochromatic light is incident on a glass
prism as shown.

(@) Show that the refractive index of the glass for this ray of light is 1-89. [2 marks]

(b) (i) State what is meant by the term critical angle. [1 mark]
(i1)) Calculate the critical angle for this light in the prism. [3 marks]

* (iii) Refer to the diagram for Question 9 (b) (iii). The path of the ray of light as it
passes through the prism and emerges into the air is shown.

State the values of angles A, B, C and D. [4 marks]

* (c) Refer to the diagram for Question 9 (c). A ray of white light is shone through the prism
and a spectrum is observed as shown.

The prism is now replaced with another prism made from a different type of glass
with a lower refractive index. Describe one difference in the spectrum produced by
this prism compared to the spectrum produced by the first prism. [1 mark]
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*10. Refer to the diagram for Question 10. In a laboratory experiment, light from a hydrogen
discharge lamp is used to produce a line emission spectrum. The line spectrum for
hydrogen has four lines in the visible region as shown.

(@)

*(b)

©

The production of the line spectrum can be explained using the Bohr model of the
atom.

State two features of the Bohr model of the atom. [2 marks]

Refer to the diagram for Queston 10 (b). Some of the energy levels of the hydrogen
atom are shown.

One of the spectral lines is due to electron transitions from E; to E,.

Determine the frequency of the photon emitted when an electron makes this
transition. [3 marks]

In the laboratory, a line in the hydrogen spectrum is observed at a wavelength of
656 nm.

When the spectrum of light from a distant galaxy is viewed, this hydrogen line is now
observed at a wavelength of 661 nm.

Determine the recessional velocity of the distant galaxy. [5 marks]

*11. Refer to the diagram for Question 11. A student constructs a battery using a potato, a strip
of copper and a strip of magnesium. The student inserts the strip of magnesium and the
strip of copper into the potato.

The student then sets up the circuit shown with the potato battery connected to a variable
resistor R, in order that the electromotive force (e.m.f.) and internal resistance of the
battery may be determined.

@

* (b)

*()

State what is meant by the term electromotive force (e.m.f.). [1 mark]

Refer to the diagram for Question 11 (b). The student uses readings of current / and
terminal potential difference V from this circuit to produce the graph shown.

Determine the internal resistance of the potato battery. [3 marks]

Refer to the digram for Question 11 (c). The student connects a red LED and a blue
LED, in turn, to the battery. The LEDs are forward biased when connected. The
student observes that the battery will operate the red LED but not the blue LED.

The diagram represents the band structure of the blue LED.

LEDs emit light when electrons fall from the conduction band into the valence band of
the p-type semiconductor.

Explain, using band theory, why the blue LED will not operate with this battery.
[1 mark]
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*12. Astudent carries out a series of experiments to investigate alternating current.

* (@) Refer to the diagrams for Question 12 (a). A signal generator is connected to an
oscilloscope and a circuit as shown in diagram 1.

The output of the signal generator is displayed on the oscilloscope shown in diagram 2.
The Y-gain setting on the oscilloscope is 1-0V/div.
The timebase setting on the oscilloscope is 0-5s/div.

(i) Determine the peak voltage of the output of the signal generator. [1 mark]

(i) Determine the frequency of the output of the signal generator. [3 marks]

(iii) The student observes that the red LED is only lit when the ammeter gives a
positive reading and the green LED is only lit when the ammeter gives a negative
reading.

Explain these observations. [2 marks]
* (b) Refer to the diagram for Question 12 (b). The signal generator is now connected in a

circuit as shown. The settings on the signal generator are unchanged. The signal
generator has negligible internal resistance.

Determine the r.m.s. voltage across the 82 Q resistor. [5 marks]
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*13.

Refer to the diagram for Question 13. A student sets up an experiment to investigate the
pressure due to a liquid as shown.

The pressure due to a liquid is given by the relationship
p=pgh

where p is the pressure due to the liquid in pascals (Pa),
g is the gravitational field strength in Nkg™,

p is the density of the liquid in kgm™,

and 4 is the depth in the liquid in m.

(@) The student initially carries out the investigation using water.
The density of water is 1-00 x 103kg m™3.

Calculate the pressure due to the water at a depth of 0-35m. [2 marks]

(b) The student repeats the experiment with a different liquid.
The pressure meter is set to zero before the glass tube is lowered into the liquid.

The student takes measurements of the pressure at various depths below the surface
of the liquid.

The student records the following information.

Depth, 4 (m) Pressure, p (kPa)
0-10 1-5
0-20 3-0
0-30 4-5
0-40 6-0
0-50 7-5

* (i) Refer to the graph for Question 13 (b) (i). The student draws a graph from their
results as shown.

Calculate the gradient of the student's graph. [2 marks]

(i) Determine the density of this liquid. [2 marks]

[END OF QUESTION PAPER]
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Relationships required for Physics Higher

v=u+at
_ 1,42
s=ut+at
v =u®+2as
s=3u+v)
W =mg

F =ma

p=mv
Ft=mv—mu

nmym,

2
7

F=G

v
z :fs[vivj

A
z =

)

rest

W = QV Vpeak :\/El/rms
E:mcz Ipeak :ﬁli'ms
E=hf O=1It
E, = hf —hf, V =IR
BB =0t pev=rr=r"
’ R
T=—
A R, =R, +R,+...
= fA
- e
dsinf = m roore

E=V+I

sin 6, g
n=———
sin6, R,

V= v,
sind, 4 v R+ Ry
sinf, A, v

2 2 2 52&
sin@(jzl o R

n
c=2

k vV
I:_Z

‘ 2, O

P E=70V=3CV :%F
I==

A

observed rest

path difference = mA or (m+;j/1 wherem=0,1,2...

max. value — min. value

random uncertainty =
number of values
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Additional Relationships

Circle
circumference = 2zr

area = 7’

Sphere

area = 4zr?

volume = 4 77>

Trigonometry
sind = opposite
hypotenuse
cosl = adjacent
hypotenuse
tan 6 = opposite
adjacent

sin® @ +cos? 6 =1
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